Backgrounds and sensitivity of the NEXT double beta decay experiment  by Nebot-Guinot, M. et al.
Backgrounds and sensitivity of the NEXT double beta decay experiment
M. Nebot-Guinota,∗, P. Ferrarioa, J. Martı´n-Alboa, J. Mun˜oz Vidala, J.J. Go´mez-Cadenasa,
on behalf of the NEXT Collaboration
aInstituto de Fı´sica Corpuscular (IFIC), CSIC & Universitat de Vale`ncia
Calle Catedra´tico Jose´ Beltra´n, 2, 46980 Paterna, Valencia, Spain
Abstract
NEXT (Neutrino Experiment with a Xenon TPC) is a neutrinoless double-beta (ββ0ν) decay experiment that will
operate at the Canfranc Underground Laboratory (LSC). It is an electroluminescent high-pressure gaseous xenon
Time Projection Chamber (TPC) with separate read-out planes for calorimetry and tracking. Energy resolution and
background suppression are the two key features of any neutrinoless double beta decay experiment. NEXT has both
good energy resolution (< 1% FWHM) at the Q value of 136Xe and an extra handle for background identiﬁcation
provided by track reconstruction. With the background model of NEXT, based on the detector simulation and the
evaluation of the detector radiopurity, we can determine the sensitivity to a measurement of the ββ2ν mode in NEW
and to a ββ0ν search in NEXT100. In this way we can predict the background rate of 5 × 10−4 counts/(keV kg yr),
and a sensitivity to the Majorana neutrino mass down to 100 meV after a 5-years run of NEXT100.
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1. Neutrinoless double beta decay
Neutrinoless double beta decay (ββ0ν) is a postulated
nuclear transition in which two neutrons undergo β de-
cay simultaneously without the emission of neutrinos.
Evidence of this process would establish that massive
neutrinos are Majorana particles, provide a hint of a new
physics scale beyond the Standard Model and prove the
violation of total lepton number, a key element to ex-
plain the observed asymmetry between matter and anti-
matter in the universe. In addition, the measurement of
the ββ0ν-decay rate would provide information on the
absolute scale of neutrino masses [1], as shown in Eq.1:(
T 0ν1/2
)−1 ∝ m2ββ (1)
2. Double beta decay experiments
Double beta decay detectors measure the sum of the
kinetic energies from the two released electrons, Qββ.
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Considering the ﬁnite energy resolution (ΔE) of any de-
tector, other processes occurring in the detector, as the
tail of the ββ2ν mode, can fall in the region of ener-
gies around Qbb becoming background. As in other rare
event detectors, backgrounds of cosmogenic origin and
natural radioactivity from materials are a problem, and
thus underground operation and selection of radiopure
materials is essential. In this sense additional exper-
imental features are desired to improve the sensitivity
of the detector, such as extra background (B) rejection,
better detector eﬃciency () or larger exposure (M · t)
[1]. This relation can be summarized as follows :
T1/2 ∝ a · 
√
M · t
ΔE · B (2)
3. NEXT-100
The NEXT-100 detector will search for the neutrino-
less double beta decay of 136Xe at the Laboratorio Sub-
terraneo de Canfranc. It uses a time projection chamber
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Component Material Unit Quantity 208Tl 214Bi 40K 60Co Technique
Dice Boards Bq/Unit 28 Units 4.00E-05 3.00E-05 1.21E-02 1.00E-05 NEXT
Field Cage HDP Bq/kg 18.626 kg 7.56E-06 6.20E-05 <3.40E-03 <1.40E-04 ICPMS/NEXT
Resistors Bq/Unit 106 Units 2.52E-06 1.64E-05 1.90E-05 1.10E-06 DarkSide
ICS CuA1 Bq/kg 651.031 kg 1.44E-06 1.20E-05 3.70E-04 4.10E-05 GDMS /NEXT
PMT Body Bq/Unit 12 Units 1.44E-04 5.00E-04 1.39E-02 4.40E-03 XENON/NEXT
Vessel 316Ti SS Bq/kg 606,005 kg 1.48E-04 4.60E-04 1.20E-04 4.40E-03 GDMS
Carrier Plate CuA1 Bq/kg 239.607 kg 1.44E-06 1.20E-05 3.70E-04 4.10E-05 GDMS/NEXT
Support Plate CuA1 Bq/kg 272.614 kg 1.44E-06 1.20E-05 3.70E-04 4.10E-05 GDMS/NEXT
Enclosure Body CuA1 Bq/Kg 79.941 kg 1.44E-06 1.20E-05 3.70E-04 4.10E-05 GDMS/NEXT
Enclosure Window Sapphire Bq/Kg 1.654 kg <1.98E-03 <2.70E-03 <1.80E-02 <7.00E-04 NEXT
Shielding Lead Lead Bq/Kg 15614.7 kg 3.39E-05 3.47E-04 1.24E-04 9.00E-05 GDMS
Pedestal 316TiSS Bq/Kg 360 kg 1.48E-04 4.60E-04 1.20E-04 4.40E-03 GDMS
Cu castle CuA1 Bq/Kg 4056.568 kg 1.44E-06 1.20E-05 3.70E-04 4.10E-05 GDMS/NEXT
Table 1: Radioactive budget of the detector components of NEXT
ﬁlled with 100 kg of enriched xenon gas at 15 bar pres-
sure, with separated detection functions for calorimetry
and tracking [2]. The gaseous xenon provides scintilla-
tion and ionization as primary signals. These are used
to establish the start-of-event time (t0) and for calorime-
try/tracking respectively. In order to achieve optimal
energy resolution, the ionization signal is ampliﬁed in
NEXT using the electroluminescence (EL) of xenon [3].
Calorimetry : The energy plane is made of 60 pho-
tomultiplier tubes (Hamamatsu R11410-10 PMTs), lo-
cated behind the TPC. These PMTs will be sealed into
individual pressure resistant, vacuum tight, copper en-
closures coupled to sapphire windows in order to with-
stand the high pressure of the gas [2].
Tracking : The tracking will be provided by a dense
array of 1 mm2 silicon photomultipliers (Hamamatsu
S10362-11-050P SiPMs), measuring the forward-going
secondary scintillation. It is located behind the anode,
very close to the EL region, and is used for event topo-
logical reconstruction [2].
In the ﬁrst phase of underground operation NEXT
will use a 1:2 scale prototype that we call NEXT-White
(NEW). We refer the reader to the dedicated paper in
these proceedings [4]
4. Background model
A detailed simulation of the detector performance has
been implemented in NEXUS, the Geant4-based simu-
lation program of the NEXT experiment. This let us
evaluate all the main backgrounds that can mask the
ββ0ν signal, coming from the activities of the materi-
als to be used in the construction (Table 1). The NEXT
Collaboration is carrying out a thorough campaign of
material screening and selection with the assistance of
the LSC Radiopurity Service [5].
Figure 1 shows the expected background and ββ2ν
signal in the NEW prototype. With the operation and
ﬁrst results of NEW the accuracy of this model will be
validated and improved if needed. Using this model the
background rate expected in NEXT-100 is estimated to
be as good as 5 × 10−4 counts/(keV kg yr) [6].
Figure 1: Background spectra expected in NEW diﬀerentiated by
source and compared to the ββ2ν signal rate
5. Analysis and Sensitivity
The output of the simulation are hits of energy de-
posited in the active volume of the detector. A standard
analysis of those simulated events produced by the mod-
eling has been developed. This analysis has been imple-
mented in the same way as will be done for the real data
based on the features that NEXT oﬀers taking into ac-
count the detection and reconstruction eﬀects. Here is a
brief description of the selection algorithms applied to
the events made by the analysis :
• A ﬁrst raw cut on event’s energy is made to re-
duce the amount of data produced by the simula-
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tion. Only those events with energy greater than
0.6 MeV are written in the preprocessing.
• ββ events are produced in the active volume, while
background events come from the materials en-
closing it. Therefore, only those events that are
fully contained in an inner ﬁducial volume, far
enough from the walls, are selected.
• Detection and reconstruction eﬀects are taken into
account by smearing the event true energy accord-
ing to the expected resolution of the detector.
• A more precise cut on the energy of the events
is made selecting only those that enter in our re-
gion of interest (ROI) window. That window is de-
ﬁned before in order to maximize the sensitivity
and change among the 2ν or the 0ν analysis.
• One of the features of NEXT is the ability to recon-
struct event topology. The simulated events are re-
constructed with the voxelization algorithm (looks
for a ﬁnite space volume with an energy deposition
diﬀerent from zero) to 1 cm3 3D hits. Afterward
those hits are interconnected forming the track pro-
duced by the particle in the detector. Those tracks
are analyzed comparing their associated end blob
(high energy deposition in a small region). The
event tracks with one blob (background-like) are
discarded and those with two blobs (signal-like) at
the ends are selected. In Figure 2 is clearly shown
the diﬀerent ﬁngerprint made by background and
signal like events, that allow us to use this criteria
to enhance our sensitivity.
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Figure 2: Energy of one blob vs energy of the other blob for signal
(0ν) and background (Bi214) events.
With the aforementioned rejection factors (Table 2)
and the background model, the half-life sensitivity of
NEXT-100 is estimated to be 1.1 × 1026 years, corre-
sponding to an eﬀective neutrino mass of ∼ 100 meV,
after 5 years running (500 kg·y of exposure) [6].
Selection cut Fraction of events
ββ0ν ββ2ν 214Bi 208Tl
E ∈ (2.3, 2.6) MeV 0.776 3.31 × 10−6 1.52 × 10−4 8.02 × 10−3
Fiducial 0.678 2.95 × 10−6 1.13 × 10−4 4.77 × 10−3
Single track 0.508 2.27 × 10−6 1.36 × 10−5 8.44 × 10−4
dE/dx 0.381 1.70 × 10−6 1.36 × 10−6 8.10 × 10−5
ROI 0.319 3.24 × 10−12 1.23 × 10−7 3.23 × 10−7
Table 2: Acceptance of the selection cuts for signal (ββ0ν) and back-
grounds.
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Figure 3: NEXT-100 simulated ββ0ν signal corresponding to a mass
of 100 meV and backgrounds entering into the region of interest.
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